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Abstract 
For marine applications, composite materials offer many advantages over metallic structures, with respect to ease of 
fabrication of complex profiles or light weight for installation and maintenance. Nevertheless, material selection is 
critical. In the case of a composite material, the choice of reinforcement is important if stress corrosion is to be 
avoided, while resin chemistry must be optimized to limit matrix damage. Fiber/matrix interface properties are also 
critical when composites are immersed for long periods. 
The main objective of this study is to identify and quantify the influence of the specific environmental marine 
conditions on composite material behavior, especially in cyclic loading. In order to perform a comparative study of 
fatigue behavior, three composite materials have been tested and analyzed. Fatigue tests have been carried out in 
bending on composite materials at initial state and after sea water ageing. The fatigue life and the evolution of the 
damage have been compared for each material. 
These experimental data allow us to identify and compare the fatigue behavior of several composite materials in a 
marine environment.  
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1. Introduction 
Usually, in mechanical industries (automotive, energy, naval construction…), metallic materials are 
largely used. But, during the last years, composites materials became more and more attractive due to 
their weight gain properties [1, 2].  
Nevertheless, the mechanical behavior (static and fatigue) of these materials is different from the 
metallic ones and their resistance in a severe environment is still to be confirmed. 
In fact, using composite materials in marine applications is a big challenge, because of severe 
environment conditions: salt concentration, high hygrometry, UV exposition… 
Therefore, even if a lot of studies have been performed [3, 4, 5, 6], suitable tools to predict long term 
behaviour in marine conditions need to be developed and provided to the design engineer. 
The main objective of this study is to show the influence of the specific environmental marine 
conditions and to understand the ageing mechanism, especially in cyclic loading, in order to develop 
numerical model taking into account the coupling phenomena between the mechanical damage and the 
water absorption. 
To achieve this objective, in a first part, experimental work is performed on different materials. Fatigue 
tests are carried out in bending on composite materials at initial state and after sea water ageing.  
This study has been performed jointly with the industrial partners of the ECOSAM² project with the 
Jules Verne IRT (Technological Research Institute). 
 
2. Studied materials  
Three different composites, referenced as COMP 1, COMP 2 and COMP 3, have been studied. These 
composites materials (summarized in the Table 1) differ by fiber and matrix type, fiber orientation and 
manufacturing process. Both resin and fibres are currently used in marine applications. 
In order to obtain relevant results, it is important to manufacture the specimens in a similar way to the 
final application procedure. According to the stacking sequence of the final use, it was defined to work 
with specimens about 8 mm thick. 
Table 1: Different studied composites 
Reference Fibre type Matrix type Fibre orientation 
Manufacturing 
process 
COMP 1 Glass Epoxy resin +/-45° Infusion 
COMP 2 Carbone Epoxy resin 
Quasi unidirectional 
90% 0° - 10% +/-45° 
Prepeg 
COMP 3 Glass 
Polyester with 
epoxy  resin 
+/-45° RTM 
3. Static tests 
In order to study the influence of sea water exposure on different composites materials, several types of 
static tests have been performed. These tests allow us to identify the intrinsic properties of the three 
composite materials. 
Each material has been investigated by testing specimens in bending and interlaminar shear at initial 
state and after immersion in substitute ocean water (ASTM D1141 [7]) at 50°C. The mechanical tests 
have been performed according to ISO standards as presented in Table 2. 
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Table 2: Static tests matrix 
Reference Bending tests 
Interlaminar shear 
test 
COMP 1 
ISO 14125  
class III [8] 
ISO 14130 [9] COMP 2 
ISO 14125  
class IV [8] 
COMP 3 
ISO 14125  
class III [8] 
 
The mechanical properties obtained at initial state and after immersion in synthetic sea water are 
summarized in Table 3 for bending test and Table 4 for interlaminar shear test. These results are coupled 
with the water uptake measured for each batch of specimens. The water uptake has been defined as the 
ratio between the weight gain of the specimen and its initial weight. 
The results show a significant difference between the values at initial state and after immersion in 
synthetic sea water, especially in bending. 
The mean bending strength of COMP 1 at initial state is around 490 MPa compared to 340 MPa for the 
wet state, a difference of 30%; and the mean bending strength of COMP 3 at initial state is around 500 
MPa compared to 130 MPa after immersion, a difference of 75%. These results suggest that, for both 
materials, the immersion in sea water has damaged the matrix and the interface between fibre and resin 
which are the main parts of composites solicited in bending tests. However, even if the water uptake of 
COMP 2 is similar or higher to the COMP 1 and COMP 3 values, no difference can be noticed in flexural 
strength. 
The mean interlaminar shear strength of COMP 1 at initial state is around 40 MPa compared to 30 MPa 
for the wet state, a difference of 30%; the mean interlaminar shear strength of COMP 2 at initial state is 
around 50 MPa compared to 45 MPa after immersion, a difference of 10%; and the mean interlaminar 
shear strength of COMP 3 at initial state is around 40 MPa compared to 35 MPa after immersion, a 
difference of 20 %. These results suggest that, for all materials, the immersion in sea water has damaged 
the interface between fibre and resin. These results confirm the observations made after bending tests. 
 
Table 3: Experimental results for statistic bending tests 
Reference 
Bending test 
Mean values (standard deviation) 
Modulus  
[GPa] 
Failure strength 
[MPa] 
Water uptake  
[%] 
COMP 1 initial state 26.1 (0.529) 489 (21.2) n/a 
COMP 1 wet state 27.5 (0.661) 338.2 (13.0) 0.447 
COMP 2 initial state 111 (4.26) 928 (33.8) n/a 
COMP 2 wet state 111 (1.85) 957.6 (37.2) 0.505 
COMP 3 initial state 18.4 (0.536) 496 (34.5) n/a 
COMP 3 wet state 8.19 (0.284) 131.9 (8.00) 0.230 
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Table 4: Experimental results for statistic interlaminar shear tests 
Reference 
Interlaminar shear test 
Mean values (standard deviation) 
Shear strengh [MPa] 
Water uptake  
[%] 
COMP 1 initial state 41.9 (1.27) n/a 
COMP 1 wet state 30.2 (1.11) 0.746 
COMP 2 initial state 50.2 (4.89) n/a 
COMP 2 wet state 45.3 (1.50) 0.627 
COMP 3 initial state 41.2 (1.89) n/a 
COMP 3 wet state 32.8 (0.646) 0.281 
4. Fatigue tests 
4.1. Devices and specimen geometries 
Specimens used for bending tests are rectangular of nominal dimensions160x20x8 mm. For bending 
tests, a special 3 points device is used on a 25kN capacity MTS machine (see Figure 1). The distance 
between the two lower rolls is of 160mm with a stress ratio R=Vmin/Vmax  equal to 0.1. The applied 
frequency is 5Hz maximum depending on the tested composite. This quite low frequency avoids the self-
heating phenomenon. 
 
Figure 1: Experimental set up for bending tests 
The applied frequency is 5Hz maximum depending on the tested composite. This quite low frequency 
avoids the self-heating phenomenon. 
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4.2. Fatigue test procedure 
The tests described above aim to build the SN curves for the different composites. These curves are 
obtained from more or less 15 fatigue tests per material, distributed on about 4 stress level. 
Fatigue tests end when the specimen is broken, or when the fatigue life reaches 3.106 cycles without 
failure. 
However, it is well known that, for composite materials, failure is not the more adequate criterion for 
component design. In most of cases, the failure criterion is defined as a loss of functionality which can be 
linked to the loss of rigidity. Therefore, we have performed charge/discharge cycles every 1 000 cycles, in 
order to record the evolution of this parameter all along the test. 
5. Results and discussion 
Figure 2 to Figure 4 show the SN curves obtained on the three composite materials in initial state and 
compare the fatigue life results for wet composite for 1, 2 and 3 materials. 
5.1. Fatigue results on initial state materials 
From these curves, for initial state composites, fatigue strengths for 3.106 cycles have been determined 
using Basquin equation (1): 
ܮ݋݃ܰ ൌ ܣܮ݋݃ߪ ൅ ܤ    (1) 
 
Obtained values, corresponding scattering and model parameters are reported in Table 5. 
 
Table 5: Results for Fatigue Tests on initial state composites 
Materials 
Bending 
R= 0,1 
VD (3.106) VD / Rm s %VD Model 
Parameters 
COMP 1 162MPa 33% 4.28MPa 2,5% 
A = -10.41  
  B = 67.92 
COMP 2 646 MPa 70% 31.76MPa 5% 
A = -21.14   
  B = 151.71 
COMP 3 191 MPa 38% 9.325 MPa 4,3% 
A = -14.71    
 B = 91.78 
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Figure 2 : S/N Bending Curve for COMP 1. Comparison after 8 months pre-aging  
 
Figure 3 : S/N Bending Curve for COMP 2. Comparison after 8 months pre-aging 
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Figure 4 : S/N Bending Curve for COMP 3. Comparison after 8 months pre-aging 
Some interesting points can be highlighted from these results. 
First of all, we can notice that for all kind of composite material in initial state, the scattering in fatigue 
behaviour is very low. As often found in literature, in all cases, fatigue behaviour can be correctly 
described by a Basquin law. This law is linear in a Log-Log graph. Figure 5 compares the three 
behaviours in such a graph. 
 
 
Figure 5 : Comparison of the fatigue behaviour of the 3 composites in the initial state, in a Log-Log representation 
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With this representation, we can observe that the even all behaviours are described by a Basquin law, 
the slope of these laws are different. COMP 1 and COMP 3 which are very closed in terms of structure, 
present quite similar fatigue limit value. As expected, fatigue limit for COMP 2, which is carbon 
reinforced, is higher than the ones of COMP 1 and COMP 3.  
 
As explain in § 4.2 for composite materials, failure is not always the more adequate criterion for 
component design. One of the currently used parameters is the “damage parameter”, d, which is defined 
as d=1-E/E0.  
Figure 6 reports for the three materials the evolution of this parameter as a function of N/NR, where NR 
is the number of cycles when the failure occurs. 
 
 
Figure 6 : Evolution of the damage for the three composites 
The obtained curves are in ad equation with those found generally in the literature [10]. They point out 
some differences in the damage level and also in the evolution of this parameter. Actually, for COMP 1 
and COMP 3 it can be observed an increase for the parameter “d”, while for COMP 2, this parameter is 
constant all along the cycling until rupture. It also can be noticed that for all materials, the damage occurs 
at the very beginning of the cycling, after about 1 000 cycles. 
 
It appears that the fatigue limit cannot be directly linked to the damage value. In fact, the damage value 
for the COMP 1 and COMP 3 are different (0.45 and 0.7 respectively), and yet they have similar ratio 
VD/Rm (between 33% and 38%). In the same way, COMP 2, presents higher fatigue strength, and the 
damage value is 0.6 more important than COMP 1 which has the lower fatigue strength or VD/Rm value. 
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5.2. Environment effect 
The curves on Figure 2 to Figure 4 show the effect of environment (sea water) on the fatigue behavior. 
It can be observed three different effects. For COMP 1, pre-ageing affects the fatigue life only for high 
level of stress. For COMP 3, after pre-ageing, the fatigue curve moves towards the lower fatigue lives. As 
a consequence, the slope of the fatigue curve for COMP 3 remains constant, while it is modified for 
COMP 1 (see Figure 7). 
Figure 4 shows that pre-ageing during eight months has no effect on COMP 2. 
 
These observations are in good accordance with the results of bending static test after pre-ageing as 
presented in §3, and the same trends can be noticed.  
As reminder, in in static tests, it has been observed that, even if the water uptake of COMP 2 is similar 
or higher to the COMP 1 and COMP 3 values, no difference can be noticed in flexural strength. The same 
result is obtained for fatigue behaviour, pre-ageing has no effect on the fatigue curve and fatigue limit as 
shown on Figure 7. 
 
 
Figure 7 : Effect of pre-ageing on the fatigue law 
6. Conclusions and further works 
In this paper, three different composites materials have been investigated. Their characteristics in static 
and fatigue have been determined for the initial state and after 8 months pre-ageing in sea water. 
The obtained results show that in static as well in fatigue, COMP 2 (carbon reinforced) has the best 
properties. COMP 1 and COMP 3 present similar properties in static or fatigue, although the damage 
seems to be quite different in fatigue. 
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For all composites the scattering is very low in static and fatigue. 
 
The results on pre-aged composites, show that the effect of environment is quite different from a 
material to another. No effected is noticed on COMP 2, while on COMP 3 the fatigue life is reduced in a 
drastic way.  
 
Future works will focus on the identification and comprehension of the mechanism involved in the 
ageing phenomenon, in relation with materials characteristics.  
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